Background: Randomized clinical trials have shown the efficacy and safety of short-acting exenatide in patients with type 2 diabetes mellitus (T2DM). The aim of this observational study was to investigate the effectiveness and safety of exenatide twice a day in Korean patients with T2DM who are suboptimally controlled with oral hypoglycemic agents.
Background
The prevalence of obesity and type 2 diabetes mellitus (T2DM) is now increasing rapidly in Korea and Asian countries [1] [2] [3] . However, glycemic control is not satisfactory and the proportions of patients with reaching target hemoglobin A1c (HbA1c) of <6.5% and <7.0% were 27% and 45.6%, respectively in Korea [4] . In addition, different side effects related to oral hypoglycemic agents including weight gain and hypoglycemia [5] can cause a nonadherence to medications and poor glycemic control [6] . Therefore, there is still unmet need for another class of hypoglycemic agent has both good efficacy and safety.
Exenatide is an incretin mimetic that activates glucagon-like-peptide-1 (GLP-1) receptors. It mainly decreases postprandial plasma glucose level by stimulating insulin secretion, suppressing glucagon secretion and delaying gastric emptying in a glucose-dependent manner [7, 8] . Numerous clinical studies in Western countries have shown the glucose-lowering efficacy of exenatide monotherapy [9] and in combination with other oral hypoglycemic agents including sulfonylurea, metformin, and thiazolidinediones [10] [11] [12] [13] .
However, the pathophysiology of T2DM could be different according to ethnicity and it was reported that β-cell dysfunction is a main pathogenic mechanism for the development of T2DM in Asian population but, a lesser degree of insulin resistance compared with Caucasian [1, 14] . In addition, glucose-lowering effect of GLP-1 analogues was reported to be greater in Asian-dominant studies than in non-Asian-dominant studies [15] . Furthermore, it has been well known that results from real clinical setting are different from those from randomized clinical trial (RCT) and thus, observational studies are also necessary to evaluate the effectiveness of health care [16] .
Therefore, the aim of this study was to investigate the effects of exenatide twice a day injection in a real clinical practice on blood glucose level, body weight, and safety profiles in obese Korean patients with T2DM who are suboptimally controlled with oral hypoglycemic agents.
Methods

Study design
This is a post hoc analysis of multi-center (71 centers), prospective, observational, single-arm, post-marketing surveillance (PMS) study to evaluate the safety and effectiveness of short-acting exenatide (Byetta®), conducted from March 2008 to March 2014, in patients with T2DM (ClinicalTrials.gov, number NCT02090673). The investigators' decisions regarding the proper treatment and care of the patient were made in the course of the normal clinical practice; without blinding or randomization to particular comparator arms or therapies. In this study, patients were enrolled for the collection of their data on observations made during normal clinical practice such as serum HbA1c, fasting plasma glucose (FPG), body weight, medical history, and adverse events.
Study populations and treatments
The patient population for this study consisted of Korean patients who were at least 18 years old, diagnosed with T2DM, and were treated with short-acting exenatide in an ambulatory care setting according to the approved label. Patients were excluded from the study for any of the following reasons; simultaneously participating in a different study that includes a treatment intervention and/or an investigational drug, being pregnant or having intentions to be pregnant within the duration of the study, and being contraindicated for short-acting exenatide. Investigators have ensured that patients, or, in those situations where consent could not be given by patients, their legally acceptable representatives, are clearly and fully informed about the purpose of the study, potential risks, the patient's rights and responsibilities when participating in this study.
All patients were initially injected using 5 μg of shortacting exenatide twice daily. After 1 month of injection 5 μg, the exenatide dosage was intended to increase to 10 μg twice a day under the decision of the physician. The previous antidiabetic medications were maintained during the periods of exenatide treatment. Life style modification therapy and education for not only diet but also exercise were combined in parallel with medications.
Effectiveness assessment
Based on electronic database of the study with high confidentiality, the patients were rearranged for the purpose of reanalysis settings (Fig. 1) . The variables for the effectiveness of short-acting exenatide after 20 weeks of treatment were changes in HbA1c, FPG, body mass index (BMI), and body weight. Total 1269 patients who received more than one-time injection of exenatide were reviewed. Of these, 181 and 334 patients dropped out within 8 and 20 weeks, respectively. Thus, 754 patients continued short-acting exenatide over 20 weeks and were reviewed for safety analysis. With additional exclusion of 32 patients due to lack of clinical data, a final number of 722 patients were reviewed for effectiveness analysis. Among them, 619 patients who measured HbA1c level both at baseline and 20-week endpoint were analyzed for HbA1c. In the same way, 540, 655, and 674 patients were analyzed for FPG, BMI, and body weight, respectively. Patients were also defined by 2-dimensional quadrant allocation according to the absolute change in HbA1c and body weight in the same picture.
Reanalysis for the effectiveness was conducted using stratified categorization with the responsiveness for the short-acting exenatide. In the first stratum by median value of HbA1c reduction, patients were divided into two groups with 0.6% HbA1c reduction. The second stratum used the absolute value as target HbA1c as 7.5%. As known in various randomized controlled trials, mean HbA1c at the end of treatment, the primary endpoint in the majority of studies, was decreased by 0.79 to 1.75% (the median value across these large studies was 1.11%) [17] . The baseline HbA1c of our study was 8.4% and we assumed responder as patients who would reach HbA1c level at 7.5% after 20 weeks of exenatide treatment. On the other hands, the third stratum was applied by the mean change percentage of HbA1c from baseline which was calculated as 9.8% as percentage. The mean HbA1c level was 8.40% before treatment and 7.56% after exenatide over 20 weeks. The absolute difference was 0.84%, which was re-calculated as 9.8% as percentage compared to basal mean HbA1c level.
Safety assessment
Patients who were participating the study could reject or withdraw the continuation of treatment or the study with the reason of follow-up lost, adverse events, patient's decision, or physician's decision. If a patient discontinued the treatment during the study, the patients were contacted to collect all adverse events information and reasons why they want to stop the treatment. All relevant information was captured by data form. Patients who were discontinued from study were included to safety population if they had taken at least one dose of exenatide. We calculated the discontinuation rate due to any adverse events. Adverse events and serious adverse events which were recorded in electronic case report form were recoded and reanalyzed according to the current routine classification. For the serious adverse events, we reviewed the patient record and revealed the diagnosis of them.
Statistical analysis
All statistical analysis was performed with SAS (version 9.4, SAS Institute, Cary, NC, USA) for the numerics, and NCSS (version 11, NCSS company, Kaysville, UT, USA) for the graphics. For effectiveness analysis, missing values was imputed using the last observation carried forward methods. Baseline characteristics were shown in descriptive statistics such as mean and standard deviation for continuous data, or frequency and percentage Clinical factors which could affect the HbA1c reduction between responder and non-responder groups were analyzed using chi-square test in 3 different strata. We performed multivariate logistic regression test to adjust the potential variables for the HbA1c reduction in each stratum. To confirm the correlation between changes of HbA1c and body weight, scattered graph was rendered and correlation coefficient was calculated. If p-value is less than 0.05, it was considered statistically significant.
Results
Baseline clinical and laboratory characteristics of participants
Of the total 1269 patients who received more than onetime injection of exenatide twice a day, data retrieved from 754 patients who completed 20 weeks treatment with exenatide were analyzed for the safety profiles (safety analysis set). Among the 754 participants, 619 patients who measured HbA1c level both at baseline and 20-week endpoint were analyzed for the effectiveness (effectiveness analysis set).
Based on the safety analysis set (n = 754), the mean age and BMI of study subjects were 48.8 years and 31.2 kg/m 2 , respectively. 34.0% of the subjects were men. Approximately one third of the study subjects had a family history of diabetes and duration of diabetes was 7.7 years. At baseline, mean HbA1c and FPG level were 8.4% and 164.3 mg/dL, respectively (Table 1) .
Clinical and laboratory variables affecting glucose lowering effectiveness
In the current study, mean dosage of exenatide was 16.0 μg/day. A significant reduction in FPG (15.12 mg/dL) and HbA1c (−0.75%) levels from baseline were observed over 20-week of exenatide treatment. To determine glucose-lowering effect of exenatide, we used three different criteria to define responder to exenatide treatment. The characteristics of responders by three definitions as stratum are shown in Table 2 . Using a responsiveness based on absolute value of HbA1c reduction ≥0.6%, subjects with optimal response to exenatide had significantly higher baseline FPG and HbA1c levels than those with suboptimal response to exenatide treatment. In addition, men and subjects with short duration of diabetes less than 5 years were more likely to improve in glucose level with exenatide treatment with significance. However, age and BMI did not affect glucose-lowering effectiveness of exenatide treatment. Using a responsiveness based on achievement in HbA1c ≤ 7.5% at 20-week endpoint, subjects who reached the target HbA1c had statistically lower baseline FPG and HbA1c levels. The subjects with short duration of diabetes showed significantly better glucose control. Using a responsiveness based on achievement in ≥9.8% of baseline HbA1c, subjects with optimal response to exenatide had significantly higher baseline FPG and HbA1c levels. Similar to analysis stratum 1, subjects with short duration of T2DM were more likely to improve in glucose level with exenatide treatment with significance. Before the initiation of exenatide, patients who had been taking 2 oral antidiabetics showed relatively higher proportion in responder in stratum classified by the changes from baseline. However, in the analysis of target HbA1c as 7.5%, patients with 0 or 1 antidiabetics demonstrated better achievement proportion. To determine which clinical and laboratory variables were independently associated with glucose-lowering effectiveness of exenatide, multivariate logistic regression analysis was used. As a result, higher baseline FPG and HbA1c levels were independently associated with greater reduction in glucose level after exenatide treatment. In contrast, subjects with longer duration of diabetes more than 5 years showed an inverse association with the improvement in glucose control (Table 3) .
Efficacy of Exenatide for HbA1c level and weight changes
We next determined the weight change with exenatide treatment. After 20 weeks treatment with exenatide twice a day, body weight was significantly reduced from 83.4 kg to 80.2 kg (p < 0.001, Fig. 2 ). The majority of study participants showed a reduction in both body weight and glucose level after exenatide treatment (63.3%) whereas, only 3.8% of subjects did not respond to exenatide treatment in both body weight and glucose aspects. Interestingly, 22.0% of subjects showed a weight reduction but, aggravation in glucose control and 11.0% of subjects showed an improvement in glucose control despite of weight gain (Fig. 3 ).
Tolerability and adverse events of Exenatide
Regarding the tolerability of exenatide, 181 and 334 subjects among total 1269 patients discontinued the injection of exenatide twice a day within 8-week and between 8 and 20 weeks of study period. Of 1269 patients, 116 patients stopped the injection of exenatide for adverse events. The final drop-out rate of short-acting exenatide just due to the adverse events was 9.14%. Within 8 weeks of medication, discontinuation rate due to adverse events was 5.3% (67 patients out of 1269 patients). Consecutively, the discontinuation rate due to adverse events between 8 and 20 weeks of medication showed 4.5% (49 patients out of 1088 patients) (Fig. 1) .
Based on the safety analysis set (n = 754) who completed 20 weeks treatment with exenatide, severe adverse event was very rare (0.8%) but 173 cases (22.9%) of adverse events were reported. The gastrointestinal side effects, mostly nausea, were the most common side effect and hypoglycemia was reported in 1.7% of subjects (Table 4) . When it comes to serious adverse events, 6 cases were cholecystitis, hyperglycemia, rotator cuff syndrome, tendon disorder, diabetic skin ulcer, and cellulitis.
Discussion
To overcome many shortcomings of the classic antidiabetic drugs (ADDs) such as hypoglycemia and weight gain etc., incretin-based drugs including GLP-1 analogues and dipeptidyl peptidase-4 (DPP4) inhibitors have been progressively developed and been regarded as a recommended drug for glycemic control in patients with T2DM [8] . Furthermore, by overcoming drug delivery system, long-acting GLP-1 s are now gaining popularity as innovative drug in managing the subjects with T2DM. Because of plentiful accumulated reports on exenatide, the first-inclass drug of GLP-1 analogue, the debate on clinical relevance of exenatide might be little. However, the clinical relevance on effectiveness and safety are reported mainly under the designed trials with the statistical expectations. We hypothesized that reluctance might remain to generalize the results of RCTs retrieved from a specific segment of the population to broader population or real practice [16, 18] , and that it might be more important to both patients and physicians in managing the diabetes after identifying the results of RCTs with those of observation studies (OSs) retrieved from routine care. Based on these hypotheses, we aimed this study for investigating clinical effectiveness and safety of exenatide twice a day in real-life setting. From this prospective, 20-week observational, phase 4 PMS study with short-acting exenatide twice a day in Korean patients with T2DM, we demonstrated 3 main findings. First, exenatide twice a day significantly induced HbA1c and weight reduction in real clinical practice. Second, higher baseline glucose level and short duration of diabetes were independent predictor for good glycemic control after exenatide treatment. Third, adverse events of exenatide in real-life setting are similar to those of RCTs [19] .
With respect to study design, this analysis retrieved from the prospective, observational, PMS study. RCTs and OSs have both benefits and drawbacks reciprocally, which should be interpreted with balanced stance. Briefly, the inclusion and exclusion criteria of RCTs tend to be defined narrowly to conduct either the regulatory requirements in drug trials or the specific aims targeting selected population. The characteristics of patients who participate in the clinical trials are to be more concerned on their health status and care by health providers, and compliant with the drugs. In these regards, they might provide limited usefulness on the effectiveness and safety of a drug to generalize to the real world practice. In contrast, the design of PMS OSs in everyday practice setting is able to cover a broader population without stringent inclusion/exclusion criteria, and characteristics of patients. Furthermore, it also provides valuable information on the physician's preference and ideas [20] . These unmet need of RCTs but complemented by OSs as part of routine care might be important to both patients and health providers for treatment decisions.
With respect to the glycemic effectiveness of exenatide twice a day in real-life setting, exenatide improved glycemic control through up-regulating β-cells and down-regulating α-cells residing in pancreatic islets. In recent meta-analysis, short-acting exenatide twice a day was effective in reducing HbA1c (− 0.61% for 5 μg, and -0.83% for 10 μg) compared with placebo in patients with T2DM [21] . Furthermore, Kim et al. reported that GLP-1 analogues including exenatide, and liraglutide lowered HbA1c more in Asian-dominant studies than in non-Asian-dominant studies [15] . In this OS, there was significant reduction in both FPG (−15.12 mg/dL), and HbA1c (−0.75%) from baseline. Regarding the responders to ADDs, the conventional definitions of responders might be one of the two analyses, the absolute HbA1c change from baseline after treatment, or achievement in a target HbA1c level [22] . Based on this report [22] , we analyzed the glycemic effectiveness or responder in three ways; achievement in 1) absolute value of HbA1c reduction ≥0.6%, 2) HbA1c ≤ 7.5%, and 3) ≥ 9.8%, of baseline HbA1c. Using effectiveness or responder definitions based on absolute reduction ≥0.6% HbA1c, achievement in HbA1c ≤ 7.5%, and ≥9.8%, of baseline HbA1c reduction, the percentage rate in responders were 51.1%, 55.9% and 42.5%, respectively. Regardless of definitions of responder, duration of diabetes, baseline FPG and HbA1c, and numbers of ADDs were significantly different between the responders and non-responders. However, the rest two variables are different according to the definitions of responder. Regarding clinical characteristics predicting in responsiveness of exenatide, shorter duration of diabetes was the only predictive variable for responders in glucose control. Those who had higher baseline HbA1c, a critical variable of potential confounder, showed the more reduction in absolute HbA1c and percentage of baseline HbA1c, but the lower achievement in target HbA1c. Previous reports also showed the consistent results that the higher baseline HbA1c was related to the more HbA1c reduction but less probability of achievement in glycemic goal [22] [23] [24] . Regarding glycemic effectiveness in response to weight change, treatment with exenatide twice a day significantly reduced -3.22 Kg body weight. Of the participants who completed the study, 63.3% (n = 369) experienced the both benefits of GLP-1 analogues on HbA1c reduction and weight loss. Those who got none benefits of exenatide were just 3.77%. In the study, BMI did not affect glucose-lowering effect of exenatide. In one study which was aiming to investigate metabolic outcomes in patients with type 2 diabetes treated with exenatide, the response in HbA1c reduction was independent of baseline weight, and BMI [25] . Also, most subjects enrolled in this PMS study showed high BMI due to Korean insurance policy during the study period. This may have influenced the outcome of the study. With respect to the adverse events of exenatide, of 181 participants who discontinued exenatide injection, 37% ones failed to continue on exenatide within 8 weeks. Of 334 participants who discontinued exenatide injection between 8 weeks and 20 weeks, 14.7% of subjects discontinued on exenatide injection. Taken together, of 1269 subjects retrieved from safety analysis set, 161 (9.1%) reported to stop the exenatide injection. Those who were analyzed for effectiveness analysis set (n = 754) at 20 weeks in this PMS OS, 22.9% subjects reported any adverse events. Based on this finding, caution should be paid to the patients' tolerability.
The strengths of this study are the large sample number and the real-world clinical practice setting with patients of only Asian ethnic background. It, however, also has important weaknesses. This study did not provide the laboratory data to evaluate the pancreatic β-cell functions and peripheral insulin sensitivity which are the key pathophysiologic factors in the development and progress of T2DM. The clinical implications of duration of diabetes, baseline FPG and HbA1c, and numbers of ADDs which were different between the responders and non-responders might be explained in these assessments. Second, in the balanced stance of both studies design of RCTs and OS, this study might remain observer and selection bias which are reflected by not scientific milieu but socio-economic one. Underreporting also occurred especially in drug adverse events. A final major limitation is the drop out data from missing data and adherence to physicians' orders.
Conclusions
In conclusion, the results of the study of real-life clinical practice in Korea demonstrate that, in Korean subjects with T2DM, exenatide twice a day resulted significant reduction in glycemic control and relative tolerance in Korean patients with T2DM in real-world clinical setting.
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